Distributed Antenna System

OUTBOUND TRACK -6.5 dBm ZE 5.3 "B’Z > -6.6 dBm { }

Downlink
Radiated Signal A
Strength/ch .
-6 dBm -4.3 dBm -6.6 dBm
INBOUND TRACK
Coax ' ' ' '
Unldire;tlonal Cable 20 dB 20 dB | coax Cable| 12 dB 12 dB |coax Cablel 7dB NNV Unidirectional
Amplifler |15 Tqr|COUPIEr Coupler [ 250 feet I 250 feel Goax Gable| s omrier
Coupler|  lcoupler Splitter | Coax Cable]  smpypier
250 feet

+27dB -1dB -5dB -5dB -53dB -1dB -1dB -53dB -7dB -5.3 dB
Gain/Loss

+27 dB

NOTES:

Assumes 1 watt composite power downlink amplifier.
1/2" plenum rated 75 ohm coaxial cable.

Maximum number of channels equal 20. PN
Output of each downlink amplifier of +15 dBm/ch DECIBEL (ia\ AW
Unity gain antennas are used. PRODUCTS
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Office Cell

Operating Sequence - T i
1) Receive timing, plus command and Modified PC Mini Tower
control form Polling channel
2) Reacelive Return Link data from in office Ax antenna Tx antenna
STUs (Subscriber Transceiver Unit) —-— /
3) Send return link data to system controller
over PSTN but change Poliing link ID to
this office cel ID T modle CAMD - 220W power supply (CAM)
4) Receive data over PSTN for transmission Freq. synth. L pC Moher Board (CAM
on Data channel Hard disk (CAM) —— ( )
5) Transmit data to In-office STUs
6) Receive data from in-office STUs over |- Dala Proc. & Mgr Card
i Card (CAM)
Description of Operational |~ RJ11 Modem Card (CAM)
Sequence
The Rec module demodulates the Polling, Data | Rec. Module Dimensions - 2" X 1~ X 3"
and Return Link channels. The Processor Man- Cabinel Dimenslons - 13" X 8° X 16"
ager extracts timing plus command and control (CAM) - Commerclal Avallable Module
from the Polling channel, IDs, instructions and
ARQ from the Return Link. Office cell sends this : PP
office ID plus user ID over the phone line to the Technical Specifications _
system controller. Then, data to be transmitted Rx Channels 3+ Selectable 8 Fixed 2channels
with ransmission instructions are received over Bandwidth 25 kHz Channel bandwidih
the phone line and held in memory until trans- Frequency 930.0125 MHz + n25 kHz Channel center frequency
mission time. Then the computer pulls that file n={0,1,2...9} n = channel number
and transmits that file at that assigned time and RF Power 10w ERP Effective Radiated Power
ARQ procedures. The pager case size Rec. Receive Specs 2,400 bps Match POCSAG 1200
module is linked to the cablinet using phone Rec. Module 2" X 1" X 3" (pager case) RF board of pager
extension cables with RJ11 jacksonbothends. TxModule 10 walts, one channel Pager transmitter
Danan=ZE==F .




Receiver Module
(Functional Block Diagram)

FM RECEIVER CHIP

3 il AMP | AmP

QOSC | MULT

RECEIVER MODULE




Data Processor and Manager Card
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Operating Functions

+ STU receives Polling and Data
channel signals

« STU transmits Return Link channel
plus Data channel signals

+ Power Module unit boosts RF
modem output to 10 watts ERP

Operational Sequence

When paged by the polling channel, the
STU receives, decodes and then the Power
Module outputs a 10-watt RF signal on the
Return Link that tells its 1D, best receiving
station ID and instructions on delivery of
that data. The STU then receives the data
on a Data channel and sends back ARQ
over the Return Link at 10w. To transmit
data back, access is acquired through the
Return Link, and data is transmitted over
one of the Data channels.

Power Module

(10 w ERP)

Personal Transceiver Subsystem

(Subscriber Transceiver Unit + Power Module + End User Product)

RF modem module insen
(STU) Subscriber Transceiver Unil

110v AC

Product Specifications

+  RF modem module

*  Power Module Unit

(1" X2.5" X 0.25") STU
Match pager receiver specs.
100 mw transmitter

10-watt ERP

110 AC wall socket input
RF amplifier + power supply
charger teedback oplion




PCMCIA "Pager Card" Prototype

(Forerunner of PCMCIA Transceiver Card)

T

Physical Char risti

Card Type:
Interface:

Antenna:

Switch:

Indicator:

Display:
Lable:

PCMCIA Type Il
PCMCIA Memory Card or /O

» Flush mount (battery could be incorporated into external
handle; AAA preferred, AA probably too large)
» Some manufacturers may require custom design and

location.
» Contact platform manufacturers on EMI and RFE
compatability. This is consistent with other PCMCIA card

product manufacturers.
Power On-Off
Blinking LED

+ Message waiting indicator
+. Low battery indicator when voltage drops to design unit

None
PCMCIA STU release/paragraph 3.1.7 lable



PCMCIA "Pager Card" Prototype

Power Source
Battery:

Pr r

Data Rate:

Format:

Address:

Memory:

internai Clock:

Electrical Requirements/
RF Requirements

Portabile Unit
(PDMCIA Card Driver Software)

Display Features:

(Continued)

700 hours out of portable (350 hours lower limit)
* internal see PCMCIA STD reiease 1.0 paragraph
3.1.6 battery location

Consider re-chargeable options when card is
inserted in platform

Use portable power source when card is insened
in PCMCIA slot

Insert and remove with portable power active

*

2,400 BPS; product evolution shouid anticipate
upgrade to 4,800 or 9,600 BPS as 2nd generation
product

POCSAG (2400 BPS)

Minimum of 4 POCSAG addresses. Minimum of 16
addresses including the 2 POCSAG function bits.

32K bytes minimum

Time and date stamp of all received messages or
last packet received.

Commensurate with Motorola Bravo pager
Commensurate with Motorola Bravo pager

PCMIA pager card shouid rely on software in the
portable unit to manage the information in RAM

+ Message waiting indicator )

« Number of messages, type of message, time and
date stamp of message arrival

 Low battery indicator for PCMCIA card when
voitage not within operational limit

+ Battery charging indicator (min./max.)

« PCMCIA card in-range indicator



PCMCIA Transceiver Card

Receiver: See PCMCIA receiver card

Transmitter:
Power Out:
Frequency:
Modulation:

Bandwidth:

100 mw to 500 mw
930 MHz
Constant Amplitude

FCC masking specification
for 25 kHz bandwidth
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RESPONSE TO MPR TELTECH, LTD.

Prepared for Submission to the
Federal Communications Commission
in Connection with
PageMart, Inc. Request for Pioneer’'s Preference for Its
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ET Docket No. 92-7100
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Prepared by:
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Maicolm Lorang, Vice President
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| Tel f Patiti ne 16, 1

The MTel formal opposition paper to PageMan's request for Pioneers Preference
has enclosed tecnnical review material by MPR Teitecn, Ltd. that attempt 10
critique PageMart's PIMS proposal. Each ccmment by two MPR reviewers v:nll
be aadressed and wiil be shown tc be without any technical foundau’oh. MPR
personnel have either misunderstood, misinterprated or re-engingerea the PIMS

system to arrive at their conclusions.

A. Comments on the physical layer aspects of the (PageMart) Petition in

Hulemaking.

Acceraingly, we snall deal with each point and demonstrate that ail cf MPR's

points are without merit.

MPR concludes 12 cell reuse pattern required

"It is quite uniikely that a 4-ceil reuse pattern could be used in the
celluiar system design. Calculations indicate that a 12-cell reuse

pattern i1s requireq.”

Both 3 and 4 cell reuse plans contirmed for use in cellular systems. First,
MPR cencludes, after using Dr. Lee's textbock on ceilular system design, that a
12-cell reuse piant is needed. This is \n cirect conflict with the exisi:~3 cellular
teleprione ingustry wnich has teen able 10 (1) operate unager the 7 caill reuse
scheme ccmmonly used tczay, andg (2) install as smalil as a 3 ceil reuse "micre-

celi” zian with equal to, or tetter performance than ccnventional 7 ceti pians.

- Trom tnis anaivsis. the < ceil reuse strategy provosed by PageMart qaes 120t
Zppear [0 achleve tnhe spectrum erficiencies claimed. A 12 cetl rause strategy
using 12 data channeis, one polling channel, and one return linxk channe!

appear [0 De Ine minumum requirement.’



Dr. L2e's book. and many cthers, represent a starting point in cellular system
design that dcesn't represent (1) current state of the ar. or (2) actual
experimental cata from the massive amount cf experimental work acne to fine
tune theoretical analysis. Specifically, MPR primaniiy cites the referencss to Or.
Lee s books and articles that. =n the surface. supports their argument and omits
the arnticles that clearly support the four ceil reuse pian incorporateq In
PageMart's design, such as Dr. Lee's article in “‘Smalier Cails for Greater
Performance.< " Dr. Lee's paper clearly states that even a 3 cell reuse plan can

De aesigned tc ce 2 dB supernor to a 7 ceil reuse gesign (i.e., 2 dB greater than

the stanoard 18 dB C/| ratio):

-0
]

The above equation that aefines the carrier-to-interterence ratio (C/'1) is usea 10
gstimate cocnannel interrerence from all neignbering ceils broaacasung on the

same channel at the same tme. Normal analog cellular practice is to sgecify C/l

to te 18 dB or nigher.

urnermore, 'PR never crevides the resuits of Dr. Lee's digrat system cesign
analysis, namery a C/l ratio cf 18 dB for an anafog voice system wnicn
~ corresponds 10 a 5 dB reduced requirement for a given digital veice system.

resulting in a C.i ratio requirement of 13 dB (in the “Digitai Systems" chapter of

‘he same pock nat MPR uses>) for a 4 ceyl reyse system. Therefore. cecause

= SET Cpmpeoeicasmang Magazo~a Novemper 1281, Smaijler Calls Jor Greater

Perzormance: U W.C.Y. Lee.
i Sy William C.Y. Lee, McGraw Hill.

Aamt ol a= Tai

1e

x
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MPR did not ccver digital cellular system design, they overiooked the fact that,
"The digital unit performance can be reduced by 5 dB to obtain the same

perfermance as an analog unit* (page 4284 ):
Olgital Cetlular System
"Swerup and Uddenfeidt compared a narrowband coherent digital
maoaulation with gaussian MSK to an anaiog FM system. Two 16-kbps
voice coders were used. Residual excited linear predicted codes and
subband codes were tested. The digital unit performance can be
reduced by 5 dB to obtain the same performance as an analog unit.
This 5-dB reduction advantage means a large coverage area and a
closea frequency-reuse aistance for each ceil can bte servea in a

celluiar system. This is, in tum, an exampie of high spectral efficiency
usage (describea in Sec. 13.4). Consider the following calculaticns.

In a omnigirecticnai-ceil system, assume that C// = 13 dB, i.e.,

C=q*>10"3=20
i 6

Solving for ¢ and using Eg. {2.4-5), we obtain
g=3.31 =v3K

X = 4 (freguency-reyse patern)

In this case the total numper of channeils is 333: then

m = 333 = 83 channeis/ceil
4

which is nigner than the 47 channeis per celi for C/7> 18 dB.

MPR appears tc ignore published literature that would provide tecnnical
~ arguments ana commercial equipment that implement microcell reuse all the way
to 3 ceil reuse pians, such as (1) Or. Lee's recent Micrcceil system patent
4,832,048 avaiiable for ccmmercial use througn Cecibel Proaucts. its licensea

manufacturer (Exhibit 1}, Micro Lite crocucts (Exnitit 2), Sman System (Exnibit

= Ibid.

()



3). ana (2) Dr. Lee's anticte ¢ "Efficiency cf a New Microcell System.S " The
article in footnote 5 conciudes that not onty can a 3 cell rguse pattern ce
acnieved thrcugn a very simple design, put that a 4 cell reuse pattem using this

tecnnology may te mere suitabie (Or. Lee's anicle on "Eficiency of a New

Microcell System®, page 3, Exhibit 4):
Eour Cell Reuse

"In edge-excited zone cells, the D1/R1 has to be 4.6 in craer 1C
maintain the voice quality. Where D1 is the cochannel zone separation
and R4 is the distance irom the zone transmitter 10 the zone counaary,
R4 is also equal to the cell ragius. Then new q (g = O/R1) beccmes
3.6 as shown in Fig. £. Then the frequency reuse facter K tecomes

K={q)? = (3,6)2 =4.32 ~4 (Frequent reuse factor)
3 3

whnich proves that the edge-excitea approacn can increase ~e ratllo
capacity by 7/4 = 1.75 tir3s.”

There are situations wnen all of the zones have to turnea cn. ‘VNe cail
this a non-selective eage-excitea zone configuration. In a non-
selective edge-excitea zone ccnfiguration, all of the cells are treateq as
omni-cells because all zcne's sites are transmitting ccncurrently. In an

analog system, the regular center-excited cmr~:-cells require tne ce-
channet interference requction facter which is squivaient (o 1 = 0/R =

4.6 as mentioned previcusiy."

Since there is no restriction on cell size, the aforementicnea micrcce!l appreach

is equally suitable for macrccail desian.

Another facier tnat is nct consigerea in MPR's analysis. is antenna gattern cesign
| wnicn in many cases can effectively use ‘'cown uit" {accompisnea in antenna
cesign to sigr‘*.'xr'icamly reduce the main ‘Z2Je energy at the nonzen in Cot omni
3NQ S&cICrizea antenna cesign (see ExANidit £1. Furthermore  2CICrs sucn as

1errain cannct ze acdressed in any reat system design Cv a 'errain crosagation

PacTel! Corporauon’s Fioneer s Request tor PCS Tecnnoloyy <atea May +.
1992 (pol).



factor 23 used by MPR, but is a fact of life in many systems aesigns that use

natural terrain features (e.g., mountains, canyons, etc.) o even further increase

frequency reuse in cenain MSA's (e.g., major west coast cities).

it is interesting also that MPR compares C/! ratios specified to be 18 dB or higher
(for analog ceilular systems) ana not 13 cB for digital systems (see Mobile
Callular Telecommunications System by Dr. Lee, page 428) and asser the
ynsupstantiated figure of 22 dB for binary digital FM systems (no indication by
MPR author as to the aetails of ~is own work®). Moreover, no consideration is

given by MPR that aadress what is currently done in wireless aigital aata systems

‘o acnieve high performance, namely:

+ Signal interieaving, for examote at the appiication ievel versus at the link levei
» Forwarg-Error controt (i.e., POCSAG cr other protocols).

¢ Signal diversity througn muitiple antennas
* Antenna pattern control thrcugn cown tilt and using narrow beam antennas.

Either coliectively or separately, the abcve signal enhancement approacnes are

usSeaq In many wireiess applications.

MPR: "Normal anaiog celiuiar design practice is to specify the C/l to
te 18 ¢B or higher, with this figure requiring the ciassic seven cell

reuse pattem. 70 achieve a C/l protection ratio of 22 dB7 requires the
use of a 12-ceil reuse pattern.”

Digital Celiular Systems out performs Anaiog Ceiiular Systems on (C/1).
The ccmmercial reaiitv is tha: sven tcgay's data mcaems that ncw operate at

2,600 bps and zpeove (IBM's CelluFlan |l is centemplating 19.2K tos on

conventionai AMPs-type cellular systems with C/'| = 18 dB) work well in venictes

S Page &) Normal aralog ceiluiar adesign practice :s to speairy tie '] tc be
13 db or ni:gher, witn s figure requirnng the classic seven cgil reuse

catfern. Frevious wWOrK Dy [ne aurnor 2as found that the 1074 3ER caprure
Talo [Cr binary digitai FM i a IS xHz caannei spacing with a 4.0 kKHz peak
deviauon and a data rate o 4,500 bps was on the order ¢r 22 db in the rading
channel environment.

[bid.
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with the cnly typical complaint teing droppea ccnnections at hand-off points.
Furthermore, it is incorrect to refer to a section in Or. Lee's book on page 18083 ‘or

anaiog cellular systems and ignore the relevant equivalent caiculations for C/l on

aigital cellular systems in the same book (page 428).

In summary,

* MPR's own referenced authonty, Dr. Lee, has shown that a 3-ceil reuse is not
cnly feasible. but it is a commercial reality. Also, a unique 4-ceil reuse aesign
is shown 1c 1ave more gesign flexipility in Dr. Lee's papers.

+ Exisung voice anatog callular systems (with C/l = 18) are using commerciallv
avaiiable modem equipment 0 run at rates at or well ancve 9,600 bps with

excellent resuits except for hand-offs (whicn PIMS does ngt require cecause

messages are typically between 10 ana 100 seconas).
* MPR unnecessanty limits the scops of their investigation.

- Many technical papers ana tooks have ceen puplishea on C/i, signal
prepagation’'s losses (inciuding the significant non-iineanty of patn loses
even in the log-log plane of signal versus distance - Or. Lee assumes a
linear iog-iog extrapctation independent cf distance for estimation
purposes). Other researcners have done ccnsigerable work c¢n

transmission gath icss? and the linear log - log approximation of MPR is
only a crude approximation that unduly penatizes snern (¢ meaium range

path Icss (see Exhibit 5).

- Modulation, interieaving and signal diversity tecnniques for I :nal

enharcement for digital FM systems that support tragiticnal 10-2 BER (for
paging systems) have peen cmitted in the MPR discussion.

MPR states that a massive numeber of receiver sites are needea.

3 MRP statement on page 9: "The use of 120 degree sectoning witnin each ceil
O a 4-cell reuse ratfern s sacwn pv Dr, Lee (7, p. 190! to vield a co-channa:
nterrerence ratic of 1= db. wnich again is unacceptable. This wouid also
reguire iZ data channeis insteaa of . If 60 degree sectoring within eacn cell
Jf a +-Celi reuse pattern 1s adopted, a 21 ab co-channej interterence ralo 1S
cbtained. This :is a reasonabie value ror digital RF pacxer commun:cauons.
®  The PIMS' return link acproach is stmpie: (1) :n ‘free space Or near iree
space conaitions . :ca as venicie) approximately 0.1 Wwatt is surficient ang (o°
11 buiidings up 5 10 Watls ¢sing a ‘power moduje’ ~juzgecd (o dne al
voltage, [0 augment the low power subscriber ranscelver s aporopriate.




'The FageMart system wiil need far more than twice the numoer of
deqicatea receivers as there are pase stations. Calculations indgicate
that for a 0.1 watt suposcriber aevice. between 25 ana 169 deaqicated
receivers per base station ceill site would be requirea.”

PiMS' low power return link in free space and high power "Power Module"
approach in buildings is supericr to the NWN approach. First, MPR
misquotes the PIMS rulemaking document by asserting that (page 10):

"Our understanding of this is that the Effective RF Power (ERP) of the
portable device is limited to less than 1.0 Watt, whicnh is consistent with
the low poweread (0.10 Watt) transceiver that is integratad into a hana-
heid personai computer product. (p. 8). Yet on p. A13, PageMart
proposes To achieve two-way overation in a high insertion (oss
building, the unit would be coupted with a separate power module. as
depictaa in Exhibit X!l, which wouid be capable of generating up to 10
Watts as a transmitter. This is also mentionea cn page 9. This is
inconsistent with their previcus statement of limiting the maximum ERP
to 1 Watts, ana in fact proposes to use the 10 Watts of power in the
very area where they wisn tc use iow power to ensure minimum
interference with other computer and communication equipment.”

PageMart's approach is very straighttorward: if the subscriber is outside or riding
n a venicie 10 mw (or up to 1 waltt) is adequate return link power to

cemmunicate with receiver sites. On the other hand, agvanced messaging

services are expected to have its major impact on business or "whnitg collar’

applications ang. therefore. must work especially weil in buildings. For inbuiiding

appcations, a ‘cower mcaule” is provided for that moae of operation and couid
operate at up to 10 watts ERP when piugged into AC line voitage. The ‘power
moaule' could te cenfigured tc ocerate as either a wirea cr wireless ‘rzoeater’ {0

the supscriber transceiver moaule.

Thus. when a F!*'S subscnper 1s in & putiding with even 20 ¢8 cr more inserion
'08s. ne return link wiil functon reiiably (see table peiow). T he entire theoretical

znalvsis ¢f MPR is aimea at ciscreaiting FIMS free space. 130 mw return hnk.
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However, if MPR would have onty stoppea to consider, MTel's NWN has even a

greater dilemma than PageMart in their return link for acknowleagment.

Available Power for Transmission (Beturn Link)

Building Availabie
Total Penetration Power

Syster _.ocation Power _Loss” in gBm

PIMS QCutside 100 mw None 20 dBm
building (20 aBm)

NWN Inside 2w 15 dBm 18 dBm
buiiding (33 dBmy

Celiular Inside 800 mw 15 ¢Bm 2.8 dBm
building (27.8 aBm)

PIMS Inside 10w 15 dBm 28 dBm
building (40 dBmy)

* MPR's assumption

Theretors, if we compare a PIMS sutscriber stanaing cutsige a hign nise cffice
Building with a cuilding penetration loss of 15 dB to an NWN supscriber standing
inside the building, and a cellular telephone supscriber stancing inside. NWN has

2 dBm lower return fink power than PIMS. and a cetlular subscricer is over 7 dBm

iQwer. Fortunately, their analysis is absolutely disprcvea by the “reat world"
2xperience of pcriable, hang held celular phenes that work in manv nign rise
cfiice puniaings (on the grouna flocr wnere the puilding penetration icss is &7 'east

15 dB).

MPR's analysis !s sicnificantly flawea fcr a numper ¢t reasons tnat ccuid increase

cower avaliabte up 10 40 dB:

e The return link must be Increaseaq !0 take IN10 aczcun! aclual receiver

sensnivity (10 dB).

o



¢ Return link antenna gain (10 dB).

* No shagowing (8 dB)

* Diversity (=12 dB) -~ note more than one receiver or antenna.

However, a significant assumption used by MPR in perferming their "3Dsojute
analysis" pregiction cf signal power level requires ranging information that many
researchers have performed, some of which have measured resuits that preaict
distances that deviate by a factor of two or more with regard to short-to-meaium
distance (see references Bullington (6) and Hariey (21)). More importantty,
because urban, suburban, with and without significant foliage, short range less
than 1Kw, medium range iess than 10 kilometers or greater than 10 kilometers.
ail have an iniluence cn transmission loss gregdiclion because rangs is hignly
non-iinear (lcg-icg ccorginates), one linear log - iog equation for Q to 20

Kilometers is onty a very crude predictcril (see Exhibit 5).

Also. these preaictors were not used to svaluate MTel's NWN system return link

performance in the NWN tecnnical feasibility report of June 16, 1892.

Callutar teiepncne systems such as in the case of the non-wireline operator in
San Ciego (which Communication industries ccnstructed and PacTe! later
soerated) initia:zd service with 12 csiis (in a difficuit terrain envircnment) and
provided reascnaple inbuiicing performance. As the system. cell-subcividea. to
~approximately z4 cells. a very ¢-od degree ¢f incuiiding performance was
acnieved. rageMar's San Diego paging services togay ocerate with 12
‘ransmitter tase stations and provides very good coverage. A simnariy

constructea P!MS system in the innnal stages would cropaply have a simiiar tase

sialon cepioyment with apgroximatetv two times that numeer fcr receiver sites

20 Dr. Lee uses 33.4 logyg <¢; indepenaently of distance (i.e. snort. medium or
.ony distances as Bullington discusses.

O



(see p. A4, footnote 3 in FageMan's Petition fcr Rulemaking). Fortunately,
cellular telephone users with the miilions of hana held portable phones prove
every day (and have proven since the mid-80's wnen cell sites were not as dense

as they are today) a 0.6 watt return link can function effsctively in the car and

even in many buildings.
~ znsequently, MPR resuits that indicate...

"Calculations ingicate that for a 0.1 watt subscriber aevice, tetween
25 and 169 dedicatea receivers per base station cell site wouia be

required”

. is totally incorrect., Based on the aforementioned table of avaiiable power
leveis, PageMart's 10 watt inbuiiding power mogule and 0.1 watt subscriber
transceiver moaule (STM) for free space would be pretferrea to a two-watt
transceiver-used for botn inbuilding and free space (and ceilular's 0.6 watt
ponable hana heid units are physical evidence ot this). Furthermore, as
excenmental evidence is evaluated, STM transmitter power couid be increased
(even up to 1 watt), Moreover, given the published literature in this fieid. a
literature searcn snows that the key facter in Dr. Lee's prepagation moael is the
aistance equation (38.4 logig O1). Depenaing upon the researcher anc the

opjective of the stuay, cne can find the equation to vary widely:

. 38.4 log1g a1 - MPR’s equaton (ref. Ckumura. 1968)
J 20 log1p ¢ - Builington, 1977 {medaium range porten)
. 20 log10 at - Hariey, 1989 (short range)

The range difference between the log-ic2 slope cf 38.4 versus 20 can vary
supstantiaily ana can easily doupble the range avaiiable in caicuiations uncer 10
mies. The pilain fact is that F :geManrt's PIMS low power soiuticn is free space

‘ana 10 wans incuiiaing) gut geriorms MTer s two-watt cnty soiution. The more

=opropriate issue. then, is the preplem with MTel's transceiver using one power

10



scurce for all applications. (MTel should then reconsider their 7 watts “die hard"
battery solution to be only on a par with FageMart. because they will lose another

3 dB if one compares MTel's 9,600 bps return link to PageMart's 4,800 bps retum

link solution).

MPR states inbuilding transmission creates serious problems of
cochannel and adjacent channei interfaces.

"The use of 1 Watt ana 10 Watt transmitters for in-building
transmission creates a serious proolem of cocnannel and aajacent
cnannel interference for users outside the building and in aagjacent
butlding towers. This is basea cn the false assumption by PageMan

that tuilding walls offer high levels of signai attenuation.”

PIMS' approach is to contain the inbuildina RF by transmitting onty that
level of RF needed for reiiable inbuilding data transmission. First, the PIMS
approacn creates the opgornunity to realize massive amounts of frequency reuse
through low-cost. PC bcarc-type interface and transceiver modules that would te
reaaily interfaced to a standard DCS-type PC (including mocem). MPR's own

recognition of this is cited in their paper were, if not for the maximum ERP pcwer

levels, assumea by MPR (page 16):

"Although the concept prooosed by PageMart is attractive cn the
surface, there appear to be some r_."damental proplems in the areas of
propagaticn ana building attenuction which have not been fully
agaressed. The concept proocsed would work well if buildings could
te considerea as pertect RF enciosures, but the vast majornity cf

duildings cannot Ce treatea as such.”

PageMart crozoses a maximum ERP of 1 watt for inbuilding office ceils because
there 1s a great potential difference between cffices. both as to location, size and

in some cases. an oftice ceil may te used more like a tuiiding cel in

Tanufacturing ana precessing plant envirecnments.  it's surerising that MPR

NOUIC miss the obvious point that each ctass of instailations. sucn as nign rise

otfice puiidings (urban areas), versus stang-alcne ouiidings (supuroan areas) ana



the square feet to be coverea by the oftice cell must all be considered so that the
lowest acceptable power level is usea in any g:.ven class of appication, because
the objective is to contain the RF energy :0 the extent practical, within the
building. Since the PIMS opa'rator(s) would be the source ot office ana buiiding

cell equipment and installation, t~= inbuiiding RF environment will be procerny

engineered and managed.

Typical power leveis from the significant experience of CT-2 installations around
th= worid indicate that ESP leveis range from approximately C.005 tc 1.C1 watts

per cnannel in most “cffice environments” (Exhibit €). FageMarn would operate at

simiiar fevais.

PIMS broadcasts only non interfering geographicai cells during a
buiiding/office cell time segment. The same MPR transmission ioss equations
indicate a caiculated value of 0.25 miies aistance or two city tiocks (ana nct .85
miies) for 0.C1 wans ERF wnicn is further reducea by the insertion loss aue (6
other neignboring ouiidings. ~ne key issue is that a FIMS office ceil or tuiiding
ceil gges ngt transmit (1) at maximum ERP uniless the nature of the puiiding

requires the power, or (2) generate cochannei interference with an overlapping

geograpnical cell. 2ecause onlvy non-interfering geographicai c¢ells are
Srecaggasteq durin ldirg cr office cell time segment (see PageMart

FRulemaking document p. A22 anag Exhipit X). Consequently. geograpnical cetls
‘are nct broagacasting in areas wnere there are buiiding and office cetls in crcer to

previge fcr the massive frequency reuse possibie througn inbuiiding cetls. Thus,

there 1s never "an cn-street sutscrnber aevice' 'that' couid stli receive signais
form tnis office ceii at a aistance ct 0.85 miies” (page 1. MPR) tecause a
supscricer cn the street deces nct have the possicility ¢f & geograpnica!l ceail

crcagcastng in that area on tne same time segment.



MPR goes on to conjecture that cffice ceils could interfere with another in an
adjacent building, even though "in this case. the RF radiation passes througn two
building walls (at least)” {page 16, MPR). Using MPR's own ccnctusion, this is
equivalent to 2 X 15 dB = 30 dBm. plus attenuation due to distance. at grou_nd
leveis (and less as building attenuation decreases with tuilding height) and wil
not pose any propblem with normal inbuliding radiatea power of § to 10 milliwatts

ERP any more than garage door openers and CT-1 coraless phones would

create a major problem in suburban areas.

From the stanapoeint of building celis, the same mistake is made by MPR to use
the maximum ratea ERP in all buiidinc applications without engtneering the RF
envircnment in the building. Cnce again, for ~urposes of RF containment,
puliding cells will be maintaineg at as low a power level as practical (typicaily
under 0.1 wans raaiating in the mechanical building core) so as not to create
unnecessary building-to-builcing ccchannel interference. The output of an
inbuilding-aistributed antenna system sucn as that depicted in the FIMS
Rulemaking cocument would require distributed amptifiers to ccmpensate for
losses encountered in using a slottea ceaxial cable that is hung in the mechanical
builaing core of high rise office buildings. Alternatively, the Decibel Products
(DP) soiution cf a cistnbute< intenna network using 75 onm ccaxial cable with
ametifiers wouid not require high indut power at the base station (see Exhibit 7).
‘:‘he CP approacn has the agded advantage of managing eacn cistributea
antenna's outcut at (') very lcw levels of ERP (0.005 tc 0.01 watt, and (2)

focuses the directional antenna cattern at the interior of the buiiding for even

greater RF containment.

[F'P]



Therefcre, buiiding cells can be engineered to erfectively contain the low levets of
RF energy broadcasted. Moreover, there 1s no ccchannel interterence when

PIMS ccntrois the time of broadcast fer buiiding and office ceils separate from

geographical cells in that local area.

MPR states that PIMS transmitter will jam themseives.

“There is a great deal of concern about the high power base stations
presenting unaccsptabie ieveis of agjacent-channel interference in the
system coverage area. It appears that they could jam themseives as
well as subscriber gevices near the pase sites.”

PIMS base station sites will be engineered to avocid receiver

desensitization. First of ali, the agjacent channet prcciem MPR refers to applies
more to MTel's NWN system fcr in-pand (830-231 MHz) proclem because they
will not pe able tc manage any of the acjacent £0 kHz channei(s) wnhereas. in
*IMS 10-25 kHz channel groups, PageMarn and other PIMS system operators
can manage the adjacent, in-bana. channeis (10 channeis) tc a mucn higher
cegree. 7he cur-of-band 829-S30 ana 931-332 MHz issue has aireaay teen
addressed by PageMart in the PageNet ccmments (see PageMan Reply

Comments, June 16, 1992, page 12-21). Furthermocre, MTel's Reply Comments,

June 16, 1992, page 10. footncte 20 also addresses the same aaqjacent channei

interference prcclem MPR now raises for PageMan. However, the specific

advantage MTel claims with NWN that...

"...the return signal wiil use a reiatively narrcwoana (25 khz; cnannel
operating at 9.6K bps that is empeadea within the £0 kHz cnhannei.
The puiit-in guarapana afforas at least 20 dB cf aaditionas orotection’

...is unlikely.
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